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ON THE COVER: Nested Rings 


saturn's northern hemisphere is seen here against its nested rings. This view from the Cassin 
Spacecraft looks toward the unilluminated side of the rings trom about 30 degrees above the 
ring plane. The rings have been brightened relative to the planet to enhance visibility. Images 
taken using red, green, and blue spectral filters were combined to create this natural-color 
view. Cassini captured these images on February 24, 2009, at approximately 538,000 miles 
(866,000 kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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FOREWORD 
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PLANETARY SCIENCE DIVISION 


JULY 2017 


More than 400 years ago, Galileo Galilei trained his homemade 
telescope on the night sky and observed that Saturn had two 
objects closely related to the planet extending on either side. At 
the time, in 1610, Galileo declared them to be moons. 


A few decades later, Saturn moon science accelerated at a 
dizzying pace. Christiaan Huygens first observed Saturn's largest 
moon Titan in 1655 and was the first to describe the extended 
“moon-like” features at Saturn as a disk of material sounding the 
planet. From 1671 to 1674, Giovanni Cassini discovered the 
moons lapetus, Rhea, Dione and Tethys. In 1675, Cassini 
discovered the gap in Saturn's rings that we now know as the 
“Cassini Division.” 


In the space age, before the Cassini-Huygens mission, we had 
only hints of the discoveries awaiting us at Saturn. Pioneer 11 
and Voyagers 1 and 2 conducted tlyoys decades ago. But these 
quick encounters didn't allow time for more extensive 

research. NASA and the European Space Agency created a 
partnership to orbit a Saturn orbiter (Cassini) and a lander 
(Huygens) on Titan. Like its namesakes, the Cassini-Huygens 
mission not only discovered previously unknown moons, but tt 
also heloed us understand the science behind their formation, 
their interactions with the rings, and how truly diverse they are. 


The Cassini-Huygens mission revolutionized what we know about 
the Saturn system. The rings of Saturn, the moons, and the planet 
itself offer irresistible and inexhaustible subjects for intense study, 
and Cassini-Huygens did not disappoint. The Saturnian system 
proved to be a rich ground for science exploration and 
discoveries, and Cassini has been nothing short of a discovery 
machine. 


At the time Cassini plunged into Saturn at the end of its mission, it 
had observed the planet for a little less than half of a Saturn year. 
But it also orbited the gas giant 293 times, forever changing our 
understanding of the Saturn system and yielding tremendous 
insight for understanding the entire Solar System. 


Cassini's observations have given us new views of the planet that 
provided a plethora of iconic images. The mission has made 


groundbreaking discoveries in our relentless 
search for life in the Solar System — whether 
revealing that Titan is going through similar 
cycles as Earth before life evolved, or spying icy 
olumes on Enceladus. In addition, Cassini's 13- 
year mission made it possible to watch changes 
in Saturn's dynamic ring system and observe 
what may be one of the most active, chaotic 
rings in our solar system — Saturn's F ring. The 
Spacecrait discovered propeller-like formations 
in the rings, witnessing the possible birth of a 
new moon. 


since its arrival in 2004, Cassini-Huygens has 
astounded us with data and images never before 
obtained with such detail and clarity. This book is 
the tip of a planet-sized iceberg. Over the last 13 
years, Cassini has taken about 450,000 
spectacular images within the Saturn system. 
How can we pare down this number to just a few 
when each snapshot, each image, tells a new 
story’? The sheer beauty of these pictures Is 
surpassed only by the science and discoveries 
they represent. Cassini taught us that Saturn is a 
far cry from a tranquil lone planet with delicate 
rings. Now, we know more about Saturn’s 
chaotic, active, and powerful rings, and the 
storms that rage beneath. Some of the Titan and 
Enceladus images hint at the possibility of life 
never before suspected. And how could we 
forget those exciting first looks at the moons we 
never knew existed? Each of the images in this 
book Is representative of SO many more, and 
reflect both astounding beauty and the new 
science that Cassini-Huygens pioneered. 


So, congratulations Cassini, for forging our path. 
This book is the first chapter of what | predict will 
be the greatest story ever told: how humans 
reached for the stars and discovered life beyond 
Earth. | am honored to be part otf It. 
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CROWN JEWEL OF THE 
STO] FN) ATT 


In the 400 years since humans began studying 
the cosmos with telescopes, Saturn has been 
transformed from a faint and blurry spot in the 
sky to a colossal planet in sharp focus. Yet, It 
seems that the clearer we see Saturn, the more 
enigmas we find. 


saturn is 763 times the volume of Earth with a 
primarily hydrogen and helium atmosphere that’s 
like a wild, churning cauldron. “Most of the 
weather on Saturn Is erratic,” said Andrew 
Ingersoll, a member of the Cassini imaging team 
and an atmospheric physicist at Caltech. “A year 
will go by with no thunderstorms at all, but every 
20 to 30 years you get a giant storm flashing with 
lightning every tenth of a second.” Cassini 
watched that mega-storm erupt in 2010, sending 
atmospheric disturpances all the way around the 
planet until the storm began running into its own 
wake, appearing to eat its own tail before it 
faded and disappeared. 


Not all of Saturn’s characteristics come and go, 
though. “Some features are surprisingly long- 
lived, Ingersoll said. “Cassini observed Saturn's 
north polar hexagon, discovered in 1981 by 
Voyager, and it's big enough to contain two 
Earths. And each pole sports a hurricane-like 
‘eye that has been around for a decade or more. 
These are special properties, unique to Saturn, 
and they are showing us how extreme the 
weather can be.” 


Further, scientists dont Know with precision how 
long it takes for Saturn to complete a single 
rotation on Its axis (i.e., the length of a Saturn 
day), or why the planet's magnetic poles are 
aligned with the axis of rotation — the only planet 
Known to have such an alignment. The size of 
saturn’s core and the planet’s internal structure 
are also practically unknown. 


Cassinis 13 years in Saturn orbit were the first 
opportunity to study this turbulent planet up 
close for years on end, and the spacecraft 
revealed new insights into Saturn’s puzzles. 
Though a Saturn year lasts nearly 30 Earth years, 
Cassini orbited for at least part of three Saturnian 
seasons, during which the planet changed and 
so did our knowledge of this giant world. As a 
result of Cassini's years of close study of Saturn, 
we now have countless images and other data 
about this surreal planet and its accompanying 
rings and moons. 


These images serve merely as a collective 
portrait or snapshot of Saturn, but this ever- 
changing world will always offer more to see. 


Chapter Title image: Ringworld Waiting 


saturn's peaceful beauty invites the Cassin 
Spacecraft for a closer look in this natural-color 
view, taken during the spacecraft's approach to 
the planet. By this point in the approach 
sequence, Saturn was large enough that two 
narrow-angle camera images were required to 
capture an end-to-end view of the planet, its 
delicate rings, and several of its icy moons. The 
composite is made entirely from these two 
images. Moons visible in this mosaic: 
Epimetheus (72 miles, 116 kilometers across), 
Pandora (52 miles, 84 kilometers across), and 
Mimas (247 miles, 398 kilometers across) at lett 
of Saturn; Prometheus (63 miles, 102 kilometers 
across), Janus (113 miles, 181 kilometers 
across), and Enceladus (310 miles, 499 
kilometers across) at right of Saturn. Image 
Credit: NASA/JPL-Caltech/Space Science 
Institute 


WAVES AND 
SHEAR 





This remarkably detailed view of Saturn's clouds reveals waves at 
the northern boundary of the bright equatorial zone, presumably 
associated both with the strong wind shear there and also the 
difference in density across the boundary with the band to the 
north. To the south, two dark ovals embrace, while dark ring 
SJarelole\izcm Oltclal.colmialom ale) aianm halcmaaiele)amerclalelom @mromanlliccwmnol 
kilometers across) occupies a mere two pixels beneath the rings, 
at right of center. Cassini captured this image on March 16, 2006, 
approximately 1.3 million miles (2 million kilometers) from Saturn. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 





NESTED RINGS 


saturn's northern hemisphere is seen here against its nested rings. This view from the Cassini 
Spacecraft looks toward the unilluminated side of the rings from about 30 degrees above the ring 
o)fclatcumm Malm dl al@ sm atc\iom Olorol am Og(@|aliclalclemcclrolihioml@mialom @)(clalclmCOmcialar-lalexcomvAls}16)IIIAV Am aalcl@lotsmtcl cole 
using red, green, and blue spectral filters were combined to create this natural-color view. 
Cassini captured these images on February 24, 2009, at approximately 538,000 miles (866,000 
kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 


SUN-STRIPED SATURN 


Tals mel-V44)|alem-laleme|eolnat-lirem ole) aigelian ercl|alcs1em )Valalomolelanmiarcm(e)alemiallamcjar-le(@));sme)mer-lie aemcmalalels 

SN Velo] Ore le] clstsumlalom ©)rolalcimcm ale) aialclaamcliliel@lcrcmm Alta) ia mialcmcyals(@(@))\:sem O)g(@ ali el-lale lcm acl @)eors\clalarcl actors 
where the ring material is less dense, while dark strios and wave patterns reveal areas of denser 
aarcliclatclim Malo mslarele le Vmel-1a co lalsmcialcla ©) Nm alcrol ane] ©) 01>) an ale] alam ere)acoy<) le)ale|| ale MLO mialom le)0|aler-lavmelmialomialla 
C ring with the denser B ring. The globe of Saturn's moon Mimas (247 miles, or 398 kilometers, 
across) has wandered into view near the bottom of the frame. A few large craters are visible on the 
small moon. Cassini captured this image on January 18, 2005, approximately 889,000 miles (1.4 
million kilometers) trom Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 











LIMB SCAN 





This bizarre scene shows the cloud-streaked limb of Saturn in 
icone) mialom ©)-lal>1usm slalom nalcma|ale cm [aal-l@[omIsm\c-le else malcr-lantale 
limb by the diffuse gas in Saturn's upper atmosphere. This view 
(ole) <Smleyi col ce mialo miei aliimsileromelmialcmalalelcmice)aalralelelUl mon melslelcoro1s 
Ol) (e\Watalsmalale ms ©)r-lalseu\ (0) atame)aiter-li0laamisme] Oma @r-ls\s)lalmer-l@)ielcsle malls 
[aatcle[o me) amel0|al-rz-sur-40]0lommroliarel ©) ©)@).<|natclic)\var-.Olom O10 Omaalitexs 
(oror Ol lON ailolantitc1es) Mice) sametc lle aamels)iale me ms) e\o\elle-lmili(sarcyslarsiiinic 
to wavelengths of infrared light centered at 750 nanometers. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 


THE RITE OF SPRING 


saturn has seen countless equinoxes since the birth of the solar system, but this Is the first 
witnessed up close by Cassini. From 20 degrees above the ring plane, Cassini shot 75 exposures 
in succession for this mosaic showing Saturn, its rings, and a few of its moons a day and a halt 
after Saturn equinox on August 12, 2009, when the sun’s disk was exactly overhead at the 
olanet’s equator. These scenes are possible only during the few months before and after Saturn's 
equinox, which occurs only once approximately every 15 Earth years. Cassini captured these 
images at approximately 526,000 miles (847,000 kilometers) from Saturn. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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BEFORE WIDE 
Ss) a PANDO ES 


saturn's moon, Tethys, orbits in front of the wide shadows cast by 
the rings onto the planet. Tethys (660 miles, or 1,062 kilometers 
across) appears just below the rings near the center of the image. 
AM aVKSWAVATs\ Wan (@X@) ecm K@)\Ve> 100 Mlalomale)aial>)dapeslelallims)(e(ome)mialomalalelcmicelae 
less than one degree above the ring plane. Cassini captured this 
image on December 7, 2011, at approximately 1.1 million miles 
(1.8 million kilometers) from Tethys using a spectral filter sensitive 
to wavelengths of near-infrared light centered at 752 nanometers. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 
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HEXAGON AND RINGS 


SY- 110 AA MS Ale) Aial Ole) t= lau alc> cole [0am eral), com Amal mole] aucm [©] aime) alexcus) ©)dl ale mer-laai-mcomialo mare )aials\aamalcaalis)e)alciace 
Many smaller storms dot the north polar region and Saturn's signature rings, which seem to 
disappear because of Saturn's shadow. Cassini captured this image on November 27, 2012, using 
a spectral filter sensitive to wavelengths of near-infrared light centered at 750 nanometers. The view 


was acquired at a distance of approximately 403,000 miles (649,000 kilometers) from Saturn. Image 
Cicqtoli tN VAs yaV (lua men Orel lcrelayreyerclexomelel[-1aleom lalsiiielte 





JEWEL OF THE 
SIO] FN SSS U0 





Cassini swung high above Saturn to reveal this stately view of the 
(ofe)(o(=yaralelcrem ©)r-lal-iarelalemitsmaar-llam alae mmm nalomUlc\Wallom amarciielecl 

(ore) (o)aars\omalelaatclamo\\{stsmi010] (0m Alo N\cmsici< 0m mmm nalism aal@lstolOm\i\/ Sma atclele 
icolanmolom [aar-lelotomlalialas\-me1e) (©) mail it>)ase)e) ral] al=10 MO)’ Ore lsc) Al mela 
October 10, 2013. Saturn sports differently colored bands of 
weather in this image. For instance, a bright, narrow wave of 
clouds around 42 degrees north latitude appears to be some of 
dglomtU [ae lUl(qalmrclitclanarcliame)m-melt-lalmciceaanmiarclmccy-leialc(emiismuule)(clalt 
peak In early 2011. The mysterious six-sided weather pattern 
ASTO\W Are ISM IAISM AIs>,¢o10 (0) AMISMVAISI1 Ol(smra1f0)0 ale mey-lie|aamcmale)aiam ele)(-s 
Image Credit: NASA/JPL-Caltech/SSI/Cornell 
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BLINDING 
SATURN 








saturn sits enveloped by the full splendor of its stately rings. 
Taking in the rings in their entirety was the focus of this particular 
imaging sequence. The camera exposure times were just right to 
capture the dark-side of its rings, but longer than that required to 
properly expose the globe of sunlit Saturn. Consequently, the 
sunlit half of the planet is overexposed. A strip of twilight on the 
globe displays colorful details in the atmosphere. Bright clouds 
(ofe)miatom O)lU lis alse [aon male)aual-1aam ©le)I-lancore |e) am alsiko mm lamiarcmsveleliammial= 
olelalclmcmallelalmcielome|(@))\ssmele)(e(c1am lam ccli(crelsremre|almicelanmialcmalalelsy 
sunlit face. Cassini captured this image on January 19, 2007, 

10) 0)£0> dlaatali=) NVM Aor m0l0Omanlliotsm @lm-xomanllil@laM <ile)aalsikslesp micelan 
saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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INFRARED 





iM aliswmrclisvouere) (0)anexe)anl oless)itomiantele[-maal-el-mice)aemolom|alelhulelere! 
Cassini observations shows Saturn's rings and southern 
al=an}isye)al=14ome)Al N(O)V.=) 00] 0\>) am 401 lommm la lmialism|aar-le (mere )arsiiaulelicre 
1icolanmerclt-mere)i(<1e](-10 Mla mialcmaloro lel aligcliclOmh\VAci(ciale]ialsmelm lle lale 
scientists designated blue to indicate sunlight reflected ata 
wavelength of 2 microns, green to indicate sunlight reflected at 3 
aalleige)alswurelale mm cole m com arellerciicmialciaaatlmcianlisssi(e)amrelmon anlleice)alcwm hale: 
slerclims)anliswsile)amice)aamialomiaits)q(e)@re)mey-tll] aa miIsme)al\Varsio1>/ airs lmrom aalleige)als 
wavelength in the soectrometer data, and thus appears red. 
Image Credit: NASA/JPL-Caltech/Asl/University of Arizona 
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OF NIG aINIC 
ITS TAIL 





Cassini gives us this true-color view of the largest, most intense 
storm observed on Saturn. The image was captured on February 
25, 2011, when the storm had formed a tail that wrapped around 
daloms)Alllcom ©)f-lals)mele aalome)imial> mei (eb lelsmanle)clems\elUliam-lalemele)| 

orc 10[0|alime)| Om lamr- mele] ac- al miar-limile)cmComialomcrols/m@lomialomalelalomcoiiclihyc 
to the storm head. This tail, which appears as slightly blue clouds 
south and west (left) of the storm head, can be seen 
Sralexelulaitciaiale miatomsy(e)@aamalcro (Om lamialismvuUlc\ am Malcom AAlcl@lotom iol icmtcl cole 
approximately 1.4 million miles (2.2 million kilometers) from 
saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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‘TIS THE SEASON 


VAViTai cs) aukswrs) ©) ©) c@y-levalialemlamiarcmsvelolialo/aamalclaalis))aloleome)meto ite] aellamlalicmvsicy Vamerel O)IU| C210 Ohm Or-ls\S) alee 
SIUI\ar-acnur-40 ko var- lara 1 ©) ©)€@).</anr-lk=)\ yam mu aaliiite)amanlicstsm Gon aallil@leM dle )aalclic lac) mice laamerelie|qamm malomelar-laleliale 
blue hue that we have learned marks winter at Saturn is likely due to reduction of ultraviolet sunlight 
lato mialomarcy4om li ©) cele |0lel-1cwm nal .dlalemiarcmliaaless) O)alc1k-mel(oro a>] are lalemlaleiccrels}iale mialo me) ©) Olelae Aline) t 
Rayleigh scattering (scattering by molecules and smaller particles) and methane absorption — 
both processes make the atmosphere blue. The small black dot seen to the right and up trom 
image center, within the ring shadows of the A and F rings, is the shadow of the moon, Prometheus. 
[aatelolom @itore || Om Naty AV(0] pd ie Orel iko1e1ay ie) ey-lelomelel(slalerom [alsiiiieiie 
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IN SATURN’S 
Sa PANDIOM A) 





AVhiale r-Valimeyotie|damatclale) ale mi amiatome)role).dalcicismolalemcjalclicclalare 
GTSSiial nice aamialcusielaucm ©)iialel|aleme|tolcommlaloms) el-lei-iergclimulo\ cio mial= 
rings as never before, revealing previously unknown faint rings 
and even glimpsing its home world. This marvelous panoramic 
view was created by combining 165 images taken by Cassini on 
september 15, 2006, as the spacecraft drifted in the darkness of 
saturn's shadow for about 12 hours, allowing a multitude of 

Claire lUlome) e}s\-1avs-1i(e)alsme) mi al=m an] (e1gess\ere) ©) (em er-lailel(otsmiar-lmere)aal @le\s\~ 
saturn's faint rings. Color in the view was created by digitally 

(ore) an) eles] ale MUIINR=N ale) 1emm alite lcci muro lalemel(cr-laniliolamlagtcle[ctsmelalem\ chs 
then adjusted to resemble natural color. Cassini took the images 
at approximately 1.3 million miles (2.2 million kilometers) trom 
saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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ICE PARTICLES, 
MOONLETS, AND GRAVITY 


No other planet in our solar system has rings as 
splendid or spectacular as Saturn's. SO 
expansive and bright are Saturn's rings that they 
were discovered as soon as humans began 
pointing telescopes at the night sky. Galileo 
Galilei was the first person known to study the 
heavens through a telescope, and he secured a 
place in an astronomical history when he 
discovered Jupiter's four largest moons In 1610. 
Despite Saturn being roughly twice as far from 
Earth as Jupiter, Saturn's rings are so big and 
brilliant that Galileo observed them in the same 
year he spotted Jupiter's moons. 


Galileo didn’t exactly understand what he was 
looking at, and in the centuries since their 
discovery, Saturn’s rings have remained to some 
extent a puzzle. Scientists have long tried to 
understand the exact composition of the rings, 
as well as their age and origin. Scientists don't 
even know their mass precisely. Cassini has 
worked to answer those questions. 


Despite Saturn being the only planet in our solar 
system to possess rings of such magnitude, 
rings have nonetheless become popularly 
synonymous with the idea of a planet. “Saturn's 
rings are truly extraordinary,” said Cassini Project 
scientist Linda Spilker. “They're actually made 
up of separate ice particles, and the thought that 
millions of individual particles, each on its own 
path, can combine to create such intricate, 
beautiful waves and structures is astonishing.” 


spilker says that up close, the ring particles 
might look like fluffy snowballs, but that inside 
they might be more like solid ice, and they vary 
extremely in size. “Some are only the size of tiny 
marbles while others are the size of mountains, ” 
she said. Spilker has no trouble imagining being 


a spacesuited human floating along with the ring 
particles in their orbits. “You would gently collide 
with the particles, and some might even stick to 
your spacesuit,” Spilker said. “They are in a thin 
layer too, so you would be able to easily dive 
through the particles to the other side of the 
rings. 


Because Cassini was the first Soacecraft to orbit 
saturn, and did so for more than 13 years, 
Cassini documented the rings as no spacecraft 
could before, discovering previously unknown 
features and behaviors, some of which are 
included in the following pages. Even through 
the mission's final months, the Cassini family still 
gasped when viewing the spacecraftt’s latest 
images of Saturn's rings. 


Chapter Title image: Colorful Division 


The rings are awash in subtle tones of gold and 
cream in this view, which looks toward the unlit 
side of the rings from about 30 degrees above 
the ring plane and shows the outer B ring, the 
Cassini Division, and the inner part of the A ring. 
This natural-color view was created trom images 
taken using red, green, and blue spectral filters 
captured by Cassini on September 29, 2006, at 
approximately 1.14 million miles (1.83 million 
kilometers) from Saturn. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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PRETTY IN PINK 





Yo liUlaar= [Ale Mitsmalalelcwolcom ©)ce)aalialclalinvmciale)\ aml amialismere)(elaniaatclelor 
along with three of Saturn's smaller moons, which are (left to 
right) Prometheus, Pandora, and Janus. Prometheus and 
Pandora are often called the "F ring shepherds" because they 
control and interact with Saturn's F ring, seen between them. This 
[aatclelom\cchsmeskeroltsiem ohyaere)an|e)iallare miaarslel-\omlalom Ore lsc) alins) Ol-lerore1 gull 
took using red, green, and blue filters on June 18, 2004, from 5.1 
Aalliielamaalitsrsm CoMP-auaaliile)amql(elaai=itc1ec) mi ce)aa mere liel damm @xe)alic-lsimarcls 
been enhanced to aid visibility. Image Credit: NASA/JPL-Caltech/ 
ws) OF= (eo me lell=/alerom [arsiiinelic 
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SOUTHERN COLOR 


The Cassini spacecraft samples a bit of Saturn's southern hemisphere along with a spread of the 
olfelalcimsmaalcliaMalale|sMmn Ae) a .<lale MelUIN\Z-1c@micelaamialcm @)(-la\-1em aloe One orar- lal Wau alalelcmol¢cmvalcylO)(omlamialicmiaarclelc 

i Matcmalaletsmatc\ycm Olol-lam else laiclalclemCclrolihViom LOM ialom @)r-lalcimcemcialarelalelcmialoi| MVAls Ol LAVA Ralismaroli| tol nere)(0)) 

view looks toward the sunlit side of the rings trom about 59 degrees below the ring plane. The 

image was created by combining images taken with red, green, and blue spectral filters taken by 
Cassini on April 23, 2009, at a distance of approximately 621,000 miles (1 million kilometers) from 
Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 23 


ACROSS RESPLENDENT RINGS 


I atomsiare (ele me)ier- lie] aqamcmanlele/anm\Vilaarctswmel] Oksmelalcomialcm @)(-lal>lmcmalalelsm-lalemcvie-(elel(sromiaiom@relss)a] 
Division in this natural-color image taken as Saturn approaches its August 2009 equinox, which 
occurs only once about every 15 Earth years. The illumination geometry in the few months before 
lates lil/axore 16] |ale>.ar-1|(@)WAsm anole alsme)ae)i il ale mame) ml alst=laialom Ollclalo memes lie qaucmrel6l-lcelat-lmalalelsmremersici 
shadows onto the rings. This view looks toward the sunlit side of the rings trom about 52 degrees 
below the ring plane and was created by combining images taken by Cassini using red, green, 
and blue spectral filters on April 8, 2009, at a distance of approximately 684,000 miles (1.1 million 
kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 





RHEA’S RING SHADOW 


miAlstcue)lalsmelials)@reyellelaalt-lamaalele)aism|amerelsiilale mo lmciar-1e(@)\W/melamialomalalelsmiamialicmiantcle[omtcl<clamelsmerclielaa 
approached its August 2009 equinox. The night side of the planet is dimly illuminated here by 
dialeisialiatswmlalomsvele lial laamal-agiis)e)aicl¢cmagle)ComsOMialol am ia(om ale) alana maloms>.corcisiom ©) ale |aiialc\cicm am ialom(@)\Uclanloyil 
©) Mialom inate le[-mismlclalsmitclacmmrclalre allie (im icelanmi(e|almsver-titoalale mNiialiamialcmer-laal~) aol e) ©)i(excomm h alISIAVAIoN AN (010) .¢< 
toward the unilluminated side of the rings trom about 17 degrees above the ring plane. Cassini 
captured this image in visible light on July 21, 2009, from approximately 1.2 million miles (1.9 million 
kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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GLORIOUS VIEW 


S10] a] 01 almmkele) aaarlaN are lliKo1a=10)im Orolialsml@Mere)an) ele\\omialisme](e)s(elelsm|aat-ke[-me)mey-lie | dam-lalemitsmalalelcmmelelalilelall 

Ce ITcToltcme) IM iaTom lle anil arcccremci(@(- me) malo malarelcmcoml(e|aimiatom©)t-lalclmcmcvelUlialc/aamalciaalisyelalcitomm balcmale)aialcige 
al=sanlis)e)alo/aom ele) OM (=)imerelaal-)are)mialo ml aal-l@lo) MISmellanl\Vallim O)Vallle laliesver-litoic=10 Mia|celUle]amiaiomalale |S nalcme)(claloims 
shadow cuts across the rings, but light reflected off the southern hemisphere backlights parts of the 
Om diavePuaal-\.diaremiars/aamvsicilel(oml Ams) alel0 [sits Mmelt=lecmelerel0]i(-1em ©)vmlalo mal ale lcm aalal.¢om Ogle alm ele)/alicmelm(elaimiamial= 
image. This natural-color view was created by combining images taken by Cassini on March 20, 
2009, using red, green, and blue spectral filters at approximately 554,000 miles (892,000 kilometers) 
from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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CRISS-CROSSED RINGS 


saturn's rings appear to intersect themselves in an impossible way in this Cassini image, but the 
[aatclelsus(eiiereli \arsial@n\Acmialom diale;smlamicelelme)imiarcme)(-lalclmmelele)amivielle/amialomcjars(e(@))\me)mialcmalaleicmismers cle 
Because rings like the A ring and Cassini Division, in the foreground, are not entirely opaque, the disk 
of Saturn and those ring shadows can be seen directly through the rings themselves. Saturn’s moon, 
Pan (17 miles or 28 kilometers across, near image center), Keeps open the Encke gap. Cassini took 
alismaarclersmlAMvdls}1©)(o mile] a)me@)Al m=)0)A0l-10\am i ey-40 Ml obmr-lmr-1 6) 0)¢@).4|aal-ii)\Vamey-anaaliiice am aali(crsm Gime maaliiiele 
kilometers) from Pan. Image Credit: NASA/JPL-Caltech/Space Science Institute 


VEIL OF ICE 


The Cassini spacecraft stares toward Saturn through its gauzy veil of rings. The great ice-particle 
ol carclaclOlismll Cours iIIK leurs late alerclilaleMmialcmeltclccmice)aamia(ome)iclalclmelalemantcl.dialemitsmalre|anrcliiilelelomal-VAcMcrols\\, 
to see. The F ring shows off the faint ringlets flanking Its core, and a single ringlet can be seen in the 
Encke Gap, crossing through center. This view looks toward the unlit side of the rings from about 18 
degrees above the ring plane. Cassini took the image in visible blue light on November 4, 2006, at a 
distance of approximately 1 million miles (1.7 million kilometers) from Saturn. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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GROOVES ON 
BLUE 





The Cassini spacecraft peers through Saturn's delicate, 
translucent inner C ring to see the diffuse blue limb of Saturn's 
atmosphere. This view looks toward the unilluminated side of the 
gialelsmicelanmrclelelelmr40mels1e]tc\-1smr-lele)V.o malo malalem O)t-lal- mmm olsmelictclicre 
by combining images Cassini took using red, green, and blue 
spectral filters on April 25, 2008, at a distance of approximately 
930,000 miles (1.5 million kilometers) from Saturn. Image Credit: 
NVANSYAVIN] pd Mee Orel Kcrelayie) erclexomelel(olalerom [arsiiiielic 





ATMOSPHERIC ILLUSION 


Believe it or not, this extreme close-up of Saturn's swirling clouds was acquired from more 
than 621,370 miles (1 million kilometers) from the gas giant. The rings appear severely bent 


because of atmospheric refraction as they pass behind the planet. The dark region in the rings 
is the 2,980-mile-wide (4,800-kilometer-wide) Cassini Division. Cassini captured the image in 
visible light on June 25, 2005, at approximately 600,000 miles (1 million kilometers) from 
saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 





RAINBOW ON 
THE RINGS 





The opposition effect, a brightness surge visible on Saturn's rings 
when the sun Is directly behind the spacecraft, is captured here as a 
(ole) (0) ai] marl(omm Malm e110] Ole) Wal iomr-\ellUl=lI\yarelare allie leva icelaamale\vmialcmlaat-lele 
was produced. Cassini acquires color images by taking sequential 
exposures using red, green, and blue spectral filters, which are then 
composited together to form a color view. In this case the bright patch 
traveled across the rings between exposures (because Cassini was 
moving), creating three colorful spots trom three separate moments. 
This view looks toward the sunlit side of the rings trom about 9 degrees 
below the ring plane. Cassini acquired the images for this view on 
June 12, 2007, at approximately 325,000 miles (523,000 kilometers) 
from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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FLEEING THE 
SCENE 


saturn's moon Prometheus, having perturbed the 
planet's thin F ring, continues in its orbit. The gravity of 
potato-shaped Prometheus (53 miles, or 86 kilometers, 
across) periodically creates streamer-channels in the F 
dialoFurclalemiatomaglele)ancmar-laleii\.0)¢. @smlsie)icmiamiaicomerel a. 
Channels here. This view looks toward the northern, 
sunlit side of the rings from about 10 degrees above 
Natoma ale O)(clalceraUsiiclaulsmvals}|e)(omialcolele|amialcmalalelsmalcrels 
ol=jalicle dle alme)imialom|aat-le (oem Orotsss)ialmcele) alialomlaal-lelomle 
WiKS}10)(om Ife] 10) mele] alc um ura OME OMmlmral 0) 0)<0).<laal-lici mol Olonelele 


miles (1.3 million kilometers) from Saturn. Image Credit: 


NVANSY AVIS] pd Mee Oxcllicrei a) he) ereleromelel(o/alerom [arsiilielis 
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mnie 4ele 


The F ring shows off a rich variety of phenomena in this image. Near the lower-right of the F 
alale PN elm rola\cwme)inaatcitqiatclimeclelt-lcsmele|me)mialomaar-llamcligslalem (0) amele)co is MO)lmlAlo mall ME Gal ccmrel ic 
apparent all along the core, and dark ‘channels’ cut into the main strand — activity resulting 
from a recent interaction with the shepherd moon, Prometheus (which cannot be seen in this 
image). This view looks toward the sunlit side of the rings from about six degrees above the 
ring plane. Cassini took the image in visible light on December 25, 2012, at approximately 
680,000 miles (1.1 million kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space 
ocience Institute 
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CHECKING IN ON BLERIOT 


What appears as a pair of bright dashes at the center of this image is one of the features rings 
scientists have dubbed “propellers.” This propeller, named Bleriot, marks the presence of a body that 
Suaaletesamt-lge|siantarclamialcm ef-lalles(c1sm-1c0)0] ale iMmm{-1m (0/0 Ms)aay-1| lO M@i(<1-1 are lUlmr- mere) an] ©)(-1K-mel-) OM amialomalalelsm (cts 


aalelolalsm urs lamrstalem By-1e)alalicmarc\ic) iol elem elo(ere)aal-mr-manele)amlamitcme) am ale|alembalcmaalele)allclm-lmialcmel¢e)e\-(c1as 
core is too small to see, but gravitational disturbances In the rings betray the moonlet'’s presence. 
GOF-Tisilal nolo) autalo ml aarelelomlamvslsielom ile lalme)amerlalel-iamcMe-40mW eure lira) 01¢@).<|aal-li=)\Var-e-xon 010 Omanli(otom (ole cHOlel0 
kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 





PROPELLER BELTS OF SATURN 


This view trom NASA's Cassini spacecraft is the sharpest ever taken of belts of the features called 
oropellers in the middle part of Saturn's A ring. The propellers are the small, bright features that look 
like double dashes, visible on both sides of the wave pattern that crosses the image diagonally from 
top to bottom. This image shows, for the first time, swarms of propellers of a wide range of sizes, 
putting the ones Cassini observed in its Saturn arrival images in context. Cassini took this image April 


19, 2017, at approximately 80,000 miles (129,000 kilometers) from Saturn's center. Image Credit: 
NASA/JPL-Caltech/Space Science Institute 
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XN 
SAWTOOTH SHADOWS 


Jagged-looking shadows stretch away trom vertical structures of ring material created by the moon 
Daphnis in this image, taken as Saturn approached its August 2009 equinox, which occurs about 
only once every 15 Earth years. The illumination geometry in the few months before and after equinox 
causes out-of-plane structures to cast long shadows across the rings. Daphnis (5 miles, or 8 
kilometers across) is a bright dot casting a thin shadow just left of center in the image. The moon has 
elem laleiiialseme)ae)inmslalemime|e-N\altclile)arcli han els /all|ae\cmialom O-l alle (o\cme)m lala lalemie)aaall ale Misiom c\ol(-1@Cr-leks 
edge. Cassini took the image in visible light on June 26, 2009, at approximately 511,000 miles 
(823,000 kilometers) from Daphnis. Image Credit: NASA/JPL-Caltech/Space Science Institute 


WAVING GOODBYE 


iM alismes(els\o1 0] OMVAIs\ MO) Alo Ml oto) (>] al Grol OMANVAlLe1 A Icmalct-lanialom@lU l(c larsle(0[ome)mey-ll0|aamcmanlcllaMalalelsy 

Sale) VSM IAC [Kore lmelsi ell mIClsimmale)) manleleraimial=maalele)am BD y-1e)alalicm-liicrelksmialcmc(e(@[-\cme)mial-mel-! on™ Dy-le)alalis 
creates waves in the edges of the gap through its gravitational influence. Some clumping of 
ring particles can be seen in the perturbed edge. This view looks toward the sunlit side of the 
rings from about 3 degrees above the ring plane. Cassini acquired the image in visible light on 
January 16, 2017, at approximately 18,000 miles (30,000 kilometers) from Daphnis. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 





ee ‘deem ame» Se Gy Peal 1 i enh y 





Tree . 


— . —— 
+ 


+ tee 





RR UO iE Bye > carting re etgspiniiees Leen = 
rg Re AS or = oats aegis: recone Sane BAIE Tet t = sya 
| 3 hs Ff Fi ¥ Va: BEN: rag > ae dee cee ee Re RENE aaltepet 
. : : . é ’ 2 - - ‘ aes att } piPh ates! wwretece hee 
7 . ; y - 


v a # a 8 Pepe Se 
— 4 , ae 


THE TALLEST PEAKS 


Rising abruptly from the edge of Saturn's B ring are vertical structures casting long shadows on the 
ring in this image, taken by Cassini two weeks before the planet's August 2009 equinox. The vertical 
structures tower as high as 1.6 miles (2.5 kilometers) above the plane of the rings, which are 


generally only about about 30 feet (10 meters) thick. This view looks toward the southern, sunlit side 

of the rings trom about 32 degrees below the ring plane. Cassini captured this image of a 750-mile- 
long (1,200-kilometer-long) section along the outer edge of the B ring in visible light on July 26, 2009. 
The view was acquired at a distance of approximately 209,000 miles (836,000 kilometers) from 38 
Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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TITAN: 
[NIN XoXo) Ne): Xe10) 110 


Of the more than 150 known moons in our solar 
system, only one has a substantial atmosphere. 
Of all the worlds in the solar system — the 
moons, planets, dwarf planets, and small bodies 
— only one place besides Earth is Known to 
have liquid lakes and seas on Its surface. In both 
cases, that one place is Saturn’s moon, Titan. 


At 3,200 miles (5,150 kilometers) across, Titan is 
slightly larger than planet Mercury and is also 
perhaps the most mysterious moon in our solar 
system because (if for no other reason) the 
moon's surface is shrouded beneath an orange 
haze. This mammoth moon was one of the 
highest-priority scientific targets for the Cassini- 
Huygens mission. The spacecraitt’s Visual and 
Infrared Mapping Spectrometer and Cassini's 
RADAR instrument were included on the 
Spacecraft largely to peek through Titan's veil. 
The same goes for the European Space 
Agency's Huygens probe, which journeyed to 
saturn with Cassini, and whose sole purpose 
was to land on and stuay Titan, earning the 
honor of being the first probe to land in the outer 
solar system. 


Cassini and Huygens found that if we set aside 
the difference in size, this tuzzy-looking and 
frigid world is more like Earth than any other 
place human spacecraft have explored. “Titan 
has so many of the processes we have on Earth 
but with exotic materials,” said Jonathan Lunine, 
a Cassini interdisciplinary scientist from Cornell 
University. “It has methane-driven weather 
instead of water-driven weather, ice mountains 
instead of rock mountains, and organic dune 
particles instead of silica sand dune particles.” 


A human standing upon the surface of Titan 
would find the environment both familiar and 
alien. Like Earth, Titan has a primarily nitrogen 
atmosphere that’s so dense that it’s one of the 


most hospitable atmospheres in the solar 
system. “You just need oxygen to breathe and 
protection against the cold, but no pressure suit 
needed,’ Lunine said. 


Titan’s surface is coated in organic molecules 
that form in the upper atmosphere. Methane rain 
fills the rivers, lakes and seas, the largest of 
which are hundreds of feet deep and hundreds 
of miles wide. “You could hear the waves lapping 
onto the shore as you stand close to Ligeia Mare, 
one of the great methane seas of Titan,” Lunine 
said. With the tar shore beyond the horizon, it 
would be like standing on the shore of one of the 
U.S. Great Lakes, but with a few cosmetic 
alterations. “Remove the human-made 
structures, turn down the sun to twilight, tint the 
light red, and crank gravity down to lunar 
values, Lunine said. The relatively low gravity 
and dense atmosphere have a bizarre 
consequence. “The methane rain falls so slowly 
that a typical storm will pass over you and drift 
away before the rain arrives on your head — a 
methane sun-shower!” 


Chapter Title Image: 
Colorful Colossuses and Changing Hues 


A giant of a moon appears before a giant of a 
planet undergoing seasonal changes In this 
natural-color view of Titan and Saturn from 
NASA's Cassini spacecraft. This view looks 
toward the northern, sunlit side of the rings from 
just above the ring plane. This mosaic combines 
Six Images — two each of red, green, and blue 
spectral filters — to create this natural-color view. 
The Cassini spacecraft captured the images on 
May 6, 2012, at approximately 483,000 miles 
(778,000 kilometers) from Titan. Image Credit: 
NASA/JPL-Caltech/Space Science Institute 
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VEILED WORLDS 


Although Titan’s and Saturn’s faces seem similar here, adpearances can be misleading. Saturn is a 
gas giant, covered in clouds, with no solid surface to speak of, while Titan's atmosphere is a blanket 
of dense haze — a photochemical smog — surrounding an icy, solid body. Saturn’s atmosphere is 
aalessiihvanane] cele (-1amralalem al=1|16aamiiame1(@l0(e\sme)im\\c-kslemrolanlaalealtmmrslalemolaalaalelalielaamanelcesieliilelcmmnltclans 
atmosphere, however, is primarily nitrogen and methane, with occasional methane clouds. This view 
Fore) como) c-1ke mete lielaamicelanmialomulali lie laaliatcliciems)(e(ome)imialom al ale\sHmOMGMe[<10|(o1-1om 1-1 (0) mlalomalalem ©)i-lalomm alc 
image was taken in visible green light on May 22, 2015, at approximately 1.4 million miles (2.2 
million kilometers) from Saturn. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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MANY COLORS, MANY MOONS 


mole | aunalele)arcmalele(elicmalcrclaretclielaamcmanleliitaalels\emells) qllamialicmarclille-lpree)(@)MVil=\imere] @)I0]C-10 mm @\/m Or-\cis) [al me)a 
October 26, 2007, at approximately 920,000 miles (1.5 million kilometers) from Saturn and 1.7 
Anlliirelamaalitersm (eu au aaliiie)am <ice)aaticc1ec) mi ce)eamm NitclammGit-lalmunirlamele)anliaroicstsmialomsiaarllis)aaslelelalcmiamials 
scene. Beneath and left of Titan is Janus (113 miles, or 181 kilometers across). Mimas (247 miles, 
or 397 kilometers across) appears as a bright dot close to the planet and beneath the rings. 
Prometheus (63 miles, or 102 kilometers across) is a faint soeck hugging the rings between the two 
Santel i maglelealseam MA] ESMVAI=1\Van (O10) ,ecmmO)W co lKO Malo MUlallllelaaliarcicclemcy(e(ome)imialcmalalelsmice)aam(a\cicmlarclam-me(=10|f1> 
above the ring plane. Image Credit: NASA/JPL/Space Science Institute 





POLAR VORTEX 
IN kee) Ke): 


The recently formed south polar vortex stands 
(o)U | mia ial>mere)(e)crs\w7-le lel (-1em-liaale)syelal-)¢o me) 
saturn's largest moon, Titan, in this view 
acquired by Cassini on July 25, 2012, at 
approximately 64,000 miles (103,000 
kilometers) from Titan. To create this natural- 
color view, images taken using red, green, 
and blue spectral filters were combined. 
Image Credit: NASA/JPL-Caltech/Space 
science Institute 
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A RING OF 
ee} Ke): 





SU lal ile aliesercldcciesmialcelele|amialom Ols/a)©)al-/ayme)mi mirc lamcmliaaless)e)alolice 
@)aanllale mold) ale me)imexe)(0)aulamialismvsls\Warers) Oli0|¢o1em Ohm Or-tssS)la] me amelie late 
6, 2012, at approximately 134,000 miles (216,000 kilometers) 
1ico)aale Nitc lane mal>maroVA\m alee) akcmale)aiam ele)r-lanalelelemer-lam \-mc\-\-/am-lmiale 
top of this view, and a hint of the south polar vortex is visible at 
ole)iKe)aanm Or-tsts)i al mism (ele) .<]alemlmialc mero li0|aarar-(e)|alem)(e(-me)mnit-lap 
where north is up and rotated 9 degrees to the right. Images 
taken using red, green, and blue spectral filters were combined 
to create this natural-color view. Image Credit: NASA/JPL- 
Caltech/Space Science Institute 


4.4, 


FIRE AND ICE 





saturn's largest and second largest moons, Titan and Rhea, 

10) Oleral MEsiialO1.¢o10 ake) ONO) alomelalelial=/allamiallsmiaulon ere) Olancvel-lalomice)ae 
Cassini. Titan’s north polar hood appears as a detached layer at 
the top right of the moon. This view looks toward the Saturn- 
facing side of Rhea, whose north in this image Is up and rotated 
Clomelcleica\olsm Omi alom ale |Alemmnalcm|aalclelossmiarciml\ic1t- mere laa|e)|alciemre 
create this view were taken using red, green, and blue spectral 
filters on June 16, 2011, at a distance of approximately 1.1 
Aalliiolamaalitctsm @iom aalililelam.<i(e)aaioicc1es) mice )aamn alors lace mm imomanllii(ele 
miles (2.5 million kilometers) from Titan. Image Credit: NASA/JPL- 
Caltech/Space Science Institute 
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PEEKING AT SATURN 


Cassini peers around the hazy limb of Titan to spy the sunlit south pole of Saturn in the distance 
beyond. The thick, smog-like atmosphere of frigid Titan was a major source of interest for the 
Cassini mission. The images that were combined to create this view were taken using red, green, 
and blue spectral filters on December 26, 2005, at a distance of approximately 16,000 miles (26,000 
kilometers) from Titan. Image Credit: NASA/JPL/Space Science Institute 
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TITAN: COMPLEX “ANTI-GREENHOUSE” 


This natural-color image shows Titan's upper atmosphere — an active place where solar ultraviolet 
Hre]alm e)gerel.cowre| ek-lamaa(-iiarelalcmaale)(s\e16] (otsemro tale mialom @)\/ 0)¢0 (010 [e1ksmere) an] ©)ial> mice (e)daamere)aa) elelelalelsmil <omcliatclals 
and acetylene. The haze preferentially scatters blue and ultraviolet wavelengths of light, making the 
atmospheres complex layered structure more easily visible at the shorter wavelengths used In this 
image. The images that were combined to create this view were taken on March 31, 2005, using 
red, green, and blue spectral filters at approximately 5,900 miles (9,500 kilometers) from Titan. 


Image Credit: NASA/JPL/Space Science Institute A7 


REFLECTION OF SUNLIGHT OFF TITAN LAKE 


This image shows the first flash of sunlight reflected off a hydrocarbon lake on Titan. The moon's 
north was shrouded in darkness for nearly 15 years (half of a Saturn year), but as the sun began 
1lUlaaliarctilavemialouelast- i=l r-l]ann Ore \ssc) la] mers) ©)U0 1c 10 Mialismlaal-lelc mele | dale mitsmevcliami Nie) Me)mNit- lame lamelel aoe 

VAG) 0)\oFar=\ m= 1ele)0) am y40 0010 maalilotom (400M 0 l010M <i (e)anloiis lac) mice eam ialom anole arm balcme)els\-/ac-lile)amere)aiilaaalclemialc 
O)datsXo1al@ro me) im |e [0](@ ml amial=m anole /aucmalelaial>/damalclaalisielal/¢cMm\VAlsl kom tol orsmrol acm an le)comalelaalsc@lUlsmelaremrclse (ole 
than in the southern hemisphere. Cassini looked for glints in infrared wavelengths that were able to 
penetrate the moon's hazy atmosphere, which scatters and absoros many wavelengths of light, 
including most visible wavelengths. Image Credit: NASA/JPL/University of Arizona/DLR 
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NORTHERN 
SUMMER ON TITAN 
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I atom Orelss<} lal ins) Ore lexslei ec limsyoictom ©)A10lalmanlcliarolalomel(elelelcmelaiiiialem|a 
the summer skies of Saturn's moon Titan, along with dark 
hydrocarbon lakes and seas clustered around the north pole. 
The Saturn system reached northern summer solstice on May 
24, 2017, and when Cassini took this image on June 9, 2017, 
agless/me)mialcuslelarclercmiamialcmanelolaucmale)aialcigamalle|amtclilivlelcrcm\Vcls 
1Ulaaliarsikcxem @\yaltalsmcie a Pmel alll <omerelallc aulamiaromanlisys)(e) ame O@r-\css) a] 

(0) 0) fl] al=xe MUAIomVALo\W are lara Ole 10 momronel0Omanliicrsmcoleraelele 
kilometers) from Titan, using a spectral filter that preferentially 
admits wavelengths of near-infrared light. Image Credit: 
NVANSYAVIN) pd Mee Ore licrelayie) erclexomelel(olalerom [arsiiiielic 


i alisweore)an] elessyitemiaatsle[omciale):cmclamlaligclicremVUlc\ MOlmerolle dans 
aglelo)abun it-lanmnice)aam @r-\cic) [a] purslere [6] Ic-1e mele ldlalemialcmpaliciyle)ans 
‘T-114° flyby on November 13, 2015. At visible wavelengths, 
this view would show only Titan's hazy atmosphere, but near- 
infrared wavelengths allow Cassini's vision to penetrate 
Titan's haze and reveal the moon's surface. The view features 
alo Okelacliks) mets la eure lUlalcraili(-1oma>1el(e)alcmarclanic\emmslalsrolmqromtal= 
alo)aiay m-lalemnValtclameromialcmccelellap mm’ alleamce)aaamialomcjal<le\omelmra) 
sideways letter "H." Several places on the image are at higher 
resolution than elsewhere because they were acquired near 
closest approach. During this Titan flyby, the spacecraft's 
closest-approach altitude was 6,200 miles (10,000 
kilometers). Image Credit: NASA/JPL/University of Arizona/ 
University of Idaho 
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VAST ieqar\ Ligeia Mare, shown here in a false-color Cassini image, is the 


second largest known body of liquid on Saturn's moon, Titan. 
MARE IN FALSE HMISMili (Yo mitaM te 16]em a\y,e|celersiaele)alswmcielelair-lsmeiiarelalcmalale 


(ee) Ke). aalsiiatclalcrarel ale misme)alome)imialo matte la\aciore lous lale Mol .corsmialc lam elol[on)\o1 
Uitclaucmatelaiam ele)r-lanc-1e|(e)anm @r-lsts)/a)mele)r-lial-1emialomiclisiom@xe) (6) 4 
mosaic of radar images between February 2006 and April 
2007. Dark areas (low-radar return) are colored black, while 
bright regions (high-radar return) are colored yellow to white. 
Image Credit: NASA/JPL-Caltech/ASI/Cornell 
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ON THE SHORE OF LIGEIA MARE, TITAN 


IMalismclol@melo1e|keromlo\ cl nko) O)ksisic alts 
what it might look like if you stood on 
the shore of Ligeia Mare, one of 

i iicclaksmaa(ciiarclalcmcictc lnm balome(circlliomle 
this view are artistic approximations 
because such details were too fine 
1) aulalom Ore sis)l alles) Ore lers\eigclies 
TalsiidUlaalcralismcemelcoi(cieiem ele lmiatcm(-laelon 
scale topography was created using 
Kerelmelels\olavsclilelarcmicelanmials: 
Spacecraft. Likewise, the presence 
and shape of clouds Is based on 
[aatclels)avaicelaamialoms) er-\el-\eg-limrclale 
the color of the sky and low angle of 
the sun are modeled on observed 
characteristics of Titan. 





INTERACTIVE 3. 1 
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SATURN THROUGH THE HAZE 


Less than 20 minutes after Cassini's close approach to Titan on March 31, 2005, its cameras 
captured this view of Saturn through Titan's upper atmosphere. The northern part of Saturn's disk can 
be seen at the upper left with dark horizontal shadows cast upon Saturn by its rings. The diffuse 
bright regions of the image (below Saturn and at right) are light being scattered by haze in Titan's 
Uje)elclar-liaalels)e)alslaomam Malou |aalclelo ms) a[@\W ism Ole)1amale)!\an Nitclamcmal-V4omleclalsiaaliccm lle lala Cicelanmialcmclitealer-iile)ame)| 
[Kolalimice)aamer-tielaa) melalem ale) iVmlalomar-V4omc-)i(-leksm lle ]alm Gice)aamiicme)alelaliaicisyom al) dale merclil aap mm balou iaatcleloMN\rers 
taken in visible light at 4,960 miles (7,980 kilometers) from Titan, and about 808,000 miles (1.3 million 
kilometers) from Saturn. Image Credit: NASA/JPL/Space Science Institute 
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VIEWS OF TITAN 
FROM DIFFERENT 
ALTITUDES 


(alaVeluses ters 





I Malismiswcles\=1m@) in| aalele[=\ourslexe [0 ]]¢>10 ml ©)’ a(=m 10100) Olot- late) el-ler~, 

NO [= 1A1@\Vsm mlU NYO [silos Oke) Olu lamial-m (ele anersicellar-lmellccreille)als 
(north, south, east, west), at five different altitudes above 
AUitclaesusielarcleromml malcom iaatcle[cism\\.clkomicl<clairclsm mlUN LOL 1als 
(olersyer-lale lore mia]celele lai mirclakcw-tiaaless)elal-)¢o mem cl alemelamialomanelelaks 
Surface on January 14, 2005. The probe was delivered to 
Titan by the Cassini spacecraft. Image Credit: ESA/NASA/ 
JPL/University of Arizona 
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FIRST COLOR VIEW 
OF TITAN’S SURFACE 


i Malismlaarclelcm\\cclomiclcciame)amer-lalel- Aamo 
2005, by the European Space 
Agency's Huygens probe upon its 
successful landing on Titan. This is a 
lo)gelererstsicre mm |aatsle[omiar-lmelhiciomrele 

Take |texchile)ame)imtalcm-(eilel-\mere)(e)melmmnitclans 
surface. The two rock-like objects just 
ols}(o\Wantal-maallerel(omelmialomlanrclelomclec 
about 6 inches (15 centimeters) (left) 
elalemr=|elelU lam mtom | alelalcismC-metoialilaaloliclac) 
(center) across respectively, and are 
about 33 inches (85 centimeters) from 
Huygens. Titan’s surface was darker 
than expected and consisted of a 

AAI AuUlaomelm Vc llc)arelale male] celer-laelelamiesy 
Image Credit: NASA/JPL/ESA/ 
University of Arizona 





TITAN AND 
de) N= 


saturn's fourth-largest moon, Dione (698 miles or 1,123 kilometers across), is 
visible through the haze of Saturn’s largest moon, Titan (3,200 miles or 5,150 
kilometers across), in this view of the two moons before the planet. Titan's 
north polar hood appears as a detached layer at the top of the moon. This 
view looks toward the northern, sunlit side of the rings trom just above the ring 
oliclalcwmrslalemalelaiamicme]ome)amiatomaslelelalswm malcom |ear-le(<tcmiarclmic1tomere)an]|e) alcremre 
create this view were taken on May 21, 2011, using red, green, and blue 

Sj Olereli esl imilits) acme lmrsl ©) @)¢@).<[aalckcl\/am r-muaali lie )amanliicrsm C-arom anil lite am <ielantsliciacp micelan 
iNitclamlare ma aalilice)amanlitctsm Com-anaaliiice)am <ilelaniik-16s9 mice)aam Dilelal-mmlaat-le (om @rcclelle 
NVANSYAV 0] ua Mes Orel ks1@i ay ke) Ol-(elomelell=lalerom arsiilielte 





OBSCURED BY 
RINGS 





saturn’s rings obscure part of Titan's colorful visage in this Cassini 
image. Titan's south polar vortex Is visible at the bottom. Visible near 
the top is the north polar hood, a cap of haze slightly darker than the 
CSO) ENN itclakcwelinalesyelalcicommeyolle a aksmcial-le(@)Vmerola.colalcmialom alalelsmalcr-lantalc 
center of this view, but a sliver of illuminated Titan can be seen 
ialgele le |amialom@r-ls<)ie | DINVIS)e)amalctslantarcmaalre(el(ome)imiar-lmelola al.com malls 
view looks toward the northern, sunlit side of the rings trom just above 
the ring plane. Cassini captured the images that were combined to 
create this natural-color view on May 16, 2012, using red, green, and 
O)ULems) eXsleit t= militslacmrslarsl ©) ©)ce).4laarciks)\Vam mcm aaliieamaniiictsmcomaaliiicels 
kilometers) from Titan. Image Credit: NASA/JPL-Caltech/Space 
science Institute 
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CANDLE IN THE 
DARK 





saturn's rings cut across an eerie scene ruled by Titan's 
luminous crescent and globe-encircling haze, broken by the 
small moon Enceladus, whose icy jets are dimly visible at its 
south pole. The scattered light around planet-sized Titan (3,200 
miles, or 5,150 kilometers across) makes the moon's solid 
surface visible in silhouette. Enceladus (814 miles, or 505 
kilometers across) enjoys far clearer skies than its giant sibling 
moon. This view shows the unlit side of Saturn's rings, and north 
is up. Cassini captured this image in visible red light on June 10, 
2006, at approximately 2.4 million miles (3.9 million kilometers) 
1ice)aaln =i alexo1 [cle l lowe lale momen aalli le )amanliicxomComom aalililelam <ileaaioliclasp micelan 
Titan. Image Credit: NASA/JPL/Space Science Institute 
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TITAN UP FRONT 


The colorful globe of Saturn's largest moon, Titan, passes in front of the planet and 
its rings in this true-color snapshot from Cassini, which looks toward the northern, 
Sola) imesi(e (ome) mtalomalale lcm ce)aam|elsimrolele)\{omialomalale mm ©)iclalc mm nicl aksmale)aiam ele)(-laalelere 
appears as a detached layer at the top of the moon. Cassini captured the images 
that were combined to create this natural-color view on May 21, 2011, using red, 
(o]ge\=1aberalalem ©)[Ulo ms) el-relig> | milit)acwolmrel@) ©)4@><1aatclici am mr- mani @lamaali (stom @-aromaali ioe 
kilometers) from Titan. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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ENCELADUS 


THE RAREST OF PEARLS 


Excluding Earth, Saturn’s sixth largest moon, 
Enceladus, may be the most exceptional world in 
the solar system. Because Enceladus is so small 
— barely over 300 miles in diameter — and is 
nearly 10 times farther from the sun than Earth, it 
should be entirely frozen. But NASA's Cassin 
mission found that jets of water and icy particles 
Soray from prominent fissures near the moon's 
south pole, producing a plume of ice and gas 
hundreds of miles high. That alone is 
extraordinary, but Cassini also revealed that the 
olume’s source Is a global ocean of salty water 
hidden beneath miles of ice. The ocean is 
venting directly into space through the fissures. 


Most of the ice grains in the plume fall back to 
the surface of Enceladus, slowly softening the 
edges of the moon's craters and canyons the 
way snowfall on Earth covers footprints. This 
celestial snowfall makes Enceladus the whitest, 
most reflective world in the solar system. A 
fraction of the plume material escapes the 
moons gravity to form Saturn's E ring — aring 
entirely produced by a moon. 


‘We knew something was happening with this 
intriguing little ice moon — It looked like a winter 
wonderland of freshly fallen snow,” said Bonnie 
Buratti, a senior research scientist at NASA's Jet 
Propulsion Laboratory. “When a hot spot was 
discovered at the south pole, and later a glorious 
olume of ice particles coming from that spot, we 
felt we had solved a great mystery. But there's 
still plenty of work to be done, characterizing that 
olume and how it forms and changes through 
time.’ 


Hydrogen in the plume, along with tiny sand 
grains Cassini directly sampled and analyzed, 
provide convincing evidence that hydrothermal 


vents are spewing hot, mineral-laden water from 
below the seafloor into the Enceladus ocean. 
such vents are one of the places scientists 
suspect life could have begun on Earth. Thanks 
to Cassini, Enceladus is now one of the prime 
targets in the quest to find environments beyond 
Earth where life might have evolved. 


If you stood near the active south pole of this 
snow globe world, Saturn and its broad span of 
rings would nearly fill your view. From the half of 
the moon that faces Saturn, the ringed planet 
never sets or even seems to move because 
Enceladus always shows the same side to 
saturn. But all is not still. The face of Saturn 
changes as the planet rotates on its axis every 
10 hours. Another of Saturn's moons, Mimas, 
passes in front of Saturn every three days or so, 
just 33,000 miles from Enceladus. To Saturn’s 
sides, the stars appear to move together from 
right to left in a cycle that repeats every 33 
hours. If you turn away from Saturn completely, 
the blackness twinkles with glittering flecks of 
Ice. 


Chapter Title Image: 
Zooming in on Enceladus 


From afar, Enceladus exhibits a bizarre mixture 
of softened craters and complex, fractured 
terrains. This talse-color mosaic was produced 
from 21 images Cassini acquired as the 
Spacecrait swooped past the south pole of 
saturn's moon, Enceladus, on July 14, 2005. The 
original images were taken at distances ranging 
from about 38,100 to 6,900 miles (61,300 to 
11,100 kilometers) trom Enceladus, and at 
wavelengths trom the ultraviolet to the infrared 
portion of the spectrum. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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BU LL’S-EYE Salers malo MAW Om anlele)Alcmlamialism|aatcle[omaleomelilelalcrem-lalemclaomcll 

NY O fe N S relatively similar distances from NASA's Cassini spacecraft, the 
image provides a good approximation of the relative sizes of 
Enceladus (313 miles or 504 kilometers across) and Tethys (660 
miles or 1,062 kilometers across). This view looks toward the 
Ulariielaaliatcitcre mse (ome)mialcmalale lcm icelanm@mer-ae(-10|f-\-\om Ol-)(@)\i/mlalomalare 
plane. Cassini captured the image in red light on September 24, 
2015. Image Credit: NASA/JPL-Caltech/Space Science Institute 





STARRY NIGHT 





Numerous stars provide a serene background In this view of 
Enceladus captured by the Cassini spacecraft while the moon 
was In Saturn's shadow. The view looks up at Enceladus’ south 
pole. Not visible trom this angle are the icy moon's famed Jets, 
which are aimed toward the spacecraft in this view. Cassini 
captured this image in visible light on October 9, 2008, at 
approximately 52,000 miles (83,000 kilometers) from Enceladus. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 
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BRIGHT 
ENCELADUS 





saturn's moon, Enceladus, reflects sunlight brightly in this image 
while the planet and its rings fill the background. Enceladus I|s 
the most reflective body in the solar system because fresh, white 
ice particles constantly coat its surface. In this view, north on 
Enceladus Is up and rotated 21 degrees to the left. This view 
Kole) <cmte)\c ce malo malelaialo/dammcielaliiimsy(@(-me)mialom alale lcm ice nam lUlsimr-lele)\ic 
the ring plane. The image was taken in visible light on December 
21, 2010, at approximately 63,000 miles (102,000 kilometers) 
from Enceladus. Image Credit: NASA/JPL-Caltech/Space 
ocience Institute 





A TECTONIC FEAST 


(PREVIOUS PAGE) 





As Cassini receded from Enceladus just after coming within 
15.6 miles (25 kilometers) of the moon's surface, the 
Spacecrait captured 28 images used to create this false- 
(ore) (eo) au aalesst= lem ©) a @L0110)0\-1 mc n40 Olommr-lmells}iclalercrsmeclale) are minelan 
18,750 to 30,000 miles (30,000 to 48,000 kilometers). 

Oi eliciéswelacmeclccmlamlalcmsvelelialclaam acre) (e)ame)miatomaalelelans 
saturn-facing hemisphere. Instead are fractures, folds, and 
ridges — hallmarks of remarkable tectonic activity for a 
relatively small world. Image Credit: NASA/JPL-Caltech/ 
space Science Institute 


INTERACTIVE 4.1 Enceladus 
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Cassini spacecraft. Multiple images were stitched together 
KoMoln-Yo](-WeMiileste (oe) m ial-MivelelsMMiela rela: Melo Mislelmiteytel(e 
orm ral-1aM o)xe) (-Xor-te Me) njcomint-Miivexe(-1b 


ST-V (Yom AT-Mutols(-Mel oLenZ- MoM lal (-)xelomiulinmial-Mulete(-1p 


68 


FOUNTAINS OF ENCELADUS 


This greatly enhanced and colorized image shows the enormous extent of the fainter, larger-scale 
component of Enceladus’ plume, which is produced by water jets spraying through fissures at the 
south pole. Cassini captured this image on November 27, 2005. Image Credit: NASA/JPL-Caltech/ 
space Science Institute 
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BEAUTIFUL 
AON] = 





Here sunlight reflected off Saturn illuminates Enceladus. North on 
Enceladus is up and rotated 45 degrees to the right. Cassini took 
the image in visible light on January 18, 2013, at approximately 
483,000 miles (777,000 kilometers) from Enceladus. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 
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BURSTING AT THE SEAMS: 
THE WATER-JET BASIN OF ENCELADUS 


Cassini captured this view of the south polar region of Enceladus on November 30, 2010. Jets of 
icy particles erupt continuously from fractures in the moon's crust. In this view, the plume created 
by the jets is backlit by the sun and falls partially within the shadow cast by Enceladus. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 
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ENCELADUS 
PLUME MOVIE 


Jets of icy particles burst from Saturn's moon, Enceladus, tn this 
brief movie sequence of four images taken on November 27, 
2005. The sensational discovery of active eruptions on a third 
outer solar system body (lo and Triton are the others) is one of 
the great highlights of the Cassini mission. These images were 
(oe) fllalste mele lisitclalelots OloiNV clei aol @10)0] ole MAG Om-lalemeyate 0 Om aalitexs 
(about 144,500 and 149,500 kilometers) from Enceladus. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 


select the image above to view the sequence as a movie. 
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JETS AND 
Sa ANBI@M ES 





Cassini acquired this image on November 30, 2010, 1.4 years after 
saturn’s southern autumnal equinox, during a Survey of the water-jet 
basin at the south pole of Enceladus. At the moment the image was 
captured, Cassini was essentially in the moon's equatorial plane, 
(ole) diate mole ce}sssouial>manlele)ausms\el0)i al O10)(-mml Nal>msar-(e(@))me)mialomelele hae) 
Enceladus on the lower portions of the jets is clearly visible. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 


[és 


STG WNDU ah 4:) Ate) 42 ol Bs) (O10) | 


This image was the eighth of several “skeet shoot” images Cassini captured during its October 31, 
2008, flyby of Saturn's moon, Enceladus. The great fissure running across the image from left to 
right is Damascus Sulcus — one of the fractures through which the moon's salty ocean sprays into 


Space. Cassini took the image at approximately 3,500 miles (5,600 kilometers) from Enceladus. 
[aatelolom @itore || Om Naty AV(0] pd ie Orel ikovelay ie) ey-lelomelel(slalerom [alsimiieine 
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SATURNIAN 
SNOWMAN 


NASA's Cassini spacecraft spied this tight trio of craters as it 
approached Saturn's icy moon, Enceladus, for a close flyby on 
October 14, 2015. The craters, located at high northern latitudes, 
are sliced through by thin fractures — part of a network of similar 
cracks that wrap around the snow-white moon. Cassini captured 
the image in visible light at approximately 6,000 miles (10,000 
kilometers) from Enceladus. Image Credit: NASA/JPL-Caltech/ 
space Science Institute 





Foley inte 
ENCELADUS 





Bottom left in this view is the night side of Saturn. Sunlight 

CYors lic )acmialcelele|amialom eltclalclacmeliaalesyelal-)com-lalemie)aaalcmialome)arelall 
ojrelelo)arclmilarsmaclalalialemicelanmialcm(-)imemeleicoaamalealme)miatcm|aai-lelcy 
Cassini captured the image during the August 13, 2010, flyby of 
Enceladus, which is top right and closer to the spacecraft than 
the planet is. The famous jets are faintly visible here erupting 
from the fractures that cross the south polar region of the moon. 
GOF-TSis alin (ele) aulal=mlaarclelomlamvalsilel(om(e|almrclmrle)elce).<laar-ll=) mor alelele 
miles (59,000 kilometers) from Enceladus. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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FOCUS ON 
ENCELADUS 





milalemciar-(ele\wicmllalcmialomtc(el-me)meli<it-lalmeyclie|danm ©)ce)s(ellalemela 
exquisite backdrop for the brilliant, white sonere of Enceladus. 
Niolaiai sme] © Ores) la] mere] @)U | core mialism|aar-ke[om Ame lcox>/am le lalme)amelelal> 
28, 2007, at approximately 181,000 miles (291,000 kilometers) 
from Enceladus. Image Credit: NASA/JPL-Caltech/Space 
ocience Institute 
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LIGHT FROM 
VANS Nts 





The light Cassini captured in this view has traveled many paths. 
The unlit side of the rings glows with scattered sunlight as two 
moons circle giant Saturn. At left, the moon Mimas presents its 
dark side. On the far side of the rings, the moon Enceladus is lit 
o\ymey-lielaatsiallalomme)@eslelalil@| alm asli(=re1t=1emice)pamialcme)iclalolemey-lie lemma 
turn, is faintly lit in the south by light reflecting off the rings. 
saturn's shadow darkens the rings, tapering off toward the left 
side of this view. The image was taken in visible light on June 11, 
2006, at approximately 2.5 million miles (3.9 million kilometers) 
from Mimas, 2.7 million miles (4.3 kilometers) from Enceladus, 
late m-nomanllilelemaalil=xsm Cam me aaliiile)am <lre)pal=1ko1esp mice laamey-liel damm laatclelc 
Credit: NASA/JPL-Caltech/Space Science Institute 
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A PEARL AT DUSK 


mag lei=) (<0 lU mare laletsmil como mcy|ale|(-m ©) gle |aim Ol-r- laure le[-l|arsiimial=me[0)(@(>]abs@)ce))\/Amer-lalVcolome)mer-li0ldam-lale 
its icy rings. Visible on Saturn is the planet's terminator — the region where daylight gives 
NIVZo NVA COMO [ULS) Gur nl lOc Pm alom dl ale tsmialce) Vaiallalcjare(@(@))sme)aicemiarcm e)(clalclmmasalciamsle)©)¢e).<laalcicoihy 
100,000 miles (200,000 kilometers) from Enceladus, Cassini captured images using red, 
green, and blue spectral filters on January 17, 2006, and the images were combined to 
create this natural-color view. Image Credit: NASA/JPL-Caltech/Space Science Institute 


The, 


THE TALE 
CONTINUES... 


Cassini captured this view from just above the ring plane on 
March 12, 2012. From here, the brightly reflective moon 
Enceladus is before the rings, while the moon Titan is faintly 
AISI] ©) (om an dale ms @f=101,¢0]£010] ale Ol-\V,0)A10 Mial> mal ale tse Or-ksts)] al imers] O)NU|c-1emmialc 
[aatclelsmlame|ec\-1amile]almrlmrcle)e)ce).<|aar-ik>)h\ymol0Onel0Omanll(otom @mmanliiiele 
kilometers) trom Enceladus. Image Credit: NASA/JPL-Caltech/ 
Space Science Institute 
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DEF NI 
ILLUMINATED 
STG NDE 


sunlight directly illuminates a thin crescent of Enceladus on the 
aalelolancm(ct-(ellale mals anlis) C)AIciks MMW AAllomclelallle|@lmaciilcieicsleme)imerclivlaa 
ojlTaniW alice laiesmaness) melmiarcmaalelolamiamialismlaat-lelcm-(ere[6l|a-1emlamvAlsie)(= 
light on February 11, 2010, at approximately 932,000 miles (1.5 
million kilometers) from Enceladus. This view looks toward the 
slo)aialcldamesielaliimsylelome)mmialcm al ale lcmicelanm|elsimrslele)\omialomalaleme)rclaice 
ma al@{os(<(@LUlcmicmanlelcomelisiiclalmiarclamiarcmalalelsmiamialismulc\ im iuelicmials 
small moon, Pandora, visible on the left of the image, is on the 
Cielo eo) Mmialcm dl ale lsmalctslccrcim Oxelssslalmrol alm Ulamiiarciicrom e\varsielalirelayl 
and Saturnshine. Image Credit: NASA/JPL-Caltech/Space 
ocience Institute 


HIGH-PHASE 
PLUMES 





sunlight brightly illuminates terrain on the left of Enceladus, while 
He ]almgsvilsxetcle me) mers lie laamlilelaaliatcitctsmialcmcosime)mial-manlelelamanielic 
dimly. Cassini took this image in visible light on October 13, 

HAG) O\2Far= t= ©) ©) £0).<aallic Nar elon ©1010 maali(=1om Crom OLClOM <ile)aaroiiolac) micelne 
Enceladus, and at a phase, or sun-Enceladus-spacecraft, angle 
of 159 degrees so that sunlight would reveal the backlit plume. 
North is up. Background stars, elongated by the movement of 
the spacecraft during the exposure, are also visible. Image 
Credit: NASA/JPL-Caltech/Space Science Institute 
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SLICED-UP CRATERS 


During its very close flyby of Enceladus on March 9, 2005, Cassini took high-resolution images of the 
icy moon. This scene is an icy landscape that has been scored by tectonic forces. Many of the 
craters in this terrain have been heavily modified, such as the 6-mile-wide (10-kilometer-wide) crater 
alcrolanialomele)el>landie|almiarcimarctom ©)ee)aalial~jaimale)aiarsceluliamie-(eilelalalemal(elale mitsmale)aialcrolsiic)aams)(6)@\-mm mals 
image has been rotated so that north on Enceladus is up. The image was taken in visible light from a 
distance of about 7,400 miles (11,900 kilometers) from Enceladus, and at a Sun-Enceladus- 
Spacecraft, or phase, angle of 44 degrees. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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ELEVATED VIEW 
OF ENCELADUS’ 
SOUTH POLE 


This dramatic view looks across the region of Enceladus’ water-jet basin 
and down on the ends of the Baghdad and Damascus tractures that face 
saturn. The segments of the fractures seen here are among the most 
active and warmest in the whole region. But because of the spacecrait's 
elessyiile)amelalemuUlc\wilale@ mrolale|(ommlalom (<ltswol¢om ©)(@)[-(e1t<1om-lerollarcimialom elalelall 
surface aS opposed to black sky. As a result, the jets appear fuzzy, or 

Take |tsiil aleve @xetsts)alim(ele) autalom|aarske[-mialcelelelamialomei(<y-lanll i> me )am allel OS am nor 
2010, with a sun-Enceladus-spacecraift, or phase, angle of about 151 
degrees. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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ENCELADUS IN FALSE COLOR 


The surface of Enceladus shows a range of crater ages, as well as regions with very few discernible 
craters. In this view, the sun illuminates Enceladus from the lower left. Particularly visible are the four 
enormous fractures in the south polar region (seen here at the lower right) through which jets of icy 
particles erupt continuously. This false-color view is a composite of individual frames Cassini obtained 
using filters sensitive to ultraviolet, green, and infrared light on July 14, 2005, as the spacecraft 
approached Enceladus for an extremely close flyby. The view was enhanced to accentuate subtle 
color differences and fine-scale surface features. Cassini took the images trom about 69,700 miles 
(112,100 kilometers) from Enceladus. Image Credit: NASA/JPL-Caltech/Space Science Institute 











A MENAGERIE OF ICY WORLDS 


OTHER MOONS 
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If you left Earth and traveled toward Jupiter but 
Kept going until you were roughly twice Jupiter's 
distance, you'd be in Saturn's realm. There, the 
inner planets are so distant that they could be 
mistaken for stars. If you waited 30 years, Saturn 
would inevitably lumber by, but Saturn does not 
wander this darkness alone. 


Though Saturn’s moons, Titan and Enceladus, 
receive a great deal of attention (because they 
may harbor environments where some form of 
life could survive), dozens of other worlds also 
swarm around the ringed planet. “Saturn has a 
treasure trove of moons!” said Amanda Hendrix, 
a planetary scientist at the Planetary Science 
Institute and a member of Cassini's ultraviolet 
spectrograph team who studies icy satellite data. 
“Each one is wonderful and unique,” she said. 


some of Saturn’s moons resemble potatoes or 
overstuffed ravioli. A couple of Saturn’s moons 
may have had ring systems of their own at one 
time, and at least one moon orbits within a gap In 
saturn’s rings, gravitationaly kicking up ring 
particles as it goes. Another has colorful streaks 
of unknown origin. Saturn’s moons range In size 
from about the size of a sports arena up to even 
larger than Mercury. They vary in color, texture, 
and composition — in a way, each Saturn moon 
is Its own character. “lapetus is one of my 
favorites, Hendrix said. “With one very dark 
hemisphere and one quite bright, it is such an 
oddball. And that equatorial ridge gives lapetus 
a walnut-like appearance.” 


Not all of these worlds formed around Saturn. A 
few were more likely Soace rocks wandering 
through the neighborhood when Saturn's gravity 
invited them to the party, where they've remained 
ever since. Their names, too, have various 


origins, including characters from Greco-Roman, 
Inuit, Norse, and Gallic mythologies. 


Before Cassini visited Saturn, the best images of 
many of the planet's moons showed only blurry 
or pixelated specks. Cassini has since 
transformed the many worlds of the Saturnian 
system into real places in their own right, but 
Hendrix says they would be challenging places 
for humans to visit. “They have no atmospheres 
to speak of, and they're very small, so there's 
very little gravity. And it’s cold out there!” Hendrix 
said. “But those disadvantages aside, exploring 
these moons would be really cool. How about 
hiking the icy cliffs of Dione’?! And checking out 
up close those mysterious red streaks on 
Tethys?” 


Chapter Title Image: 
The Other Side of lapetus 


This false-color mosaic shows the entire 
hemisphere of Saturn’s moon lapetus (912 miles, 
or 1,468 kilometers, across) visible from Cassini 
on September 10, 2007, at about 45,000 miles 
(73,000 kilometers) from lapetus. Visible for the 
first time in detail are geologic structures that 
mark the trailing hemisphere, which appears 
heavily cratered, particularly in the north and 
south polar regions. The most prominent 
topographic feature in this view, located in the 
bottom halt of the mosaic, is a 280-mile-wide 
(450-kilometer-wide) impact basin, one of at 
least nine such large basins on lapetus. The 
basin overlaps an older, similar-sized impact 
basin to its southeast. Image Credit: NASA/JPL- 
Caltech/Space Science Institute 
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CRESCENTS 


Three moons are shown here: Titan (8,200 miles or 5,150 
kilometers across), Mimas (246 miles or 396 kilometers across), 
and Rhea (949 miles or 1,527 kilometers across). Titan, the 
largest moon in this image, appears fuzzy because we only see 
its cloud layers. Because Titan's atmosphere retracts light 
around the moon, Its crescent ‘wraps’ just a little further around 
idalomanlele/amtar=lamim(e)0](emelam-lamelldlstsio @lle\’AN mialor-m@0]6) 011mm (o110 
appears rough because its icy surface Is heavily cratered. A 
close inspection of Mimas (center bottom), though difficult to see 
at this scale, shows surface irregularities due to its own violent 
history. Image Credit: NASA/JPL-Caltech/Space Science Institute 
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PROMETHEUS 
UP CLOSE 





Cassini spied details on the pockmarked surface of Saturn's 
moon Prometheus (53 miles, or 86 kilometers, across) during a 
flyoy on December 6, 2015. This is one of Cassini's highest 
resolution views of Prometheus, and the view looks toward the 
side of Prometheus that faces away from Saturn. North on 
Prometheus is up. Prometheus orbits Saturn just interior to the 
narrow F ring, which is seen here at top. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 
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INCREDIBLE 
CLIFFS 


This splendid view showcases Dione's tortured complex of bright 
cliffs. At lower right is the feature called Cassandra, exhibiting 
HatctclangcW\acmey.dtcalelialemiamanlelit| ©)romeli coreltlelalsem malomiecliilale 
hemisphere of Dione (700 miles, or 1,126 kilometers, across) is 
seen here. North is up. Cassini captured this image in polarized 
green light on July 24, 2006, at a distance of approximately 

Letom 0100 maallictom (cron ©1010m <ile)aaloli= es) mice)anm D)le)al- mm lnar-le(omO@nccrells 
NVANSYAV (0) ua Mee Orel ts\ei ay he) Ol- (elo merell=lalerom arsiiite llc 


EPIMETHEUS REVEALED 


Cassini's close flyby of Epimetheus in December 2007 returned detailed images of the moon's 
south polar region. The view shows what might be the remains of a large impact crater covering 
most of this face, and which could be responsible for the somewhat flattened shape of the 
southern part of Epimetheus (72 miles, or 116 kilometers, across) seen previously at much lower 
resolution. The image also shows two terrain types: darker, smoother areas and brighter, fractured 
terrain. One interpretation of this image is that the darker material evidently moves down slopes 
Vale i ©)K0) ey-10) ha arelsure lm ON Vic] au @xomere)aliclalaniarclamiaiome)a(e|alicl@aatclicldrolmmUalleacl ©) @lot~lacm ante) Kom ll co 
"bedrock." Nonetheless, materials in both terrains are likely to be rich in water ice. Image Credit: 
NASA/JPL-Caltech/Space Science Institute 
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SPONGY 
HYPERION 





The sponge-like surface of Saturn's moon, Hyperion, is 
alrelalite|aicclemlamialism@r-tsts)l alm ©le)aigslimmersl@)i0lc-1emelUlalalemials 
Spacecratt's flyoy on September 16, 2011. Hyperion (168 miles, 
or 270 kilometers, across) has an irregular shape, and it tumbles 
through its orbit (that is, it doesn’t spin at a constant rate or ina 
(ole) alsit=lalme)al=salt- tela Mm lantcle[osomse eae lomialiome)alomel|(@\Warom Ollila) 
inventory of the surface features, the satellite's shape, and 
changes in Hyperion’s spin. Image Credit: NASA/JPL-Caltech/ 
Space Science Institute 
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ADRIFT AT SATURN 


Tethys floats before the massive, golden-hued globe of Saturn in this natural-color view, captured by 
Cassini on December 3, 2005, approximately 1.6 million miles (2.5 million kilometers) from Saturn. 
The thin, dark line of the rings curve around the horizon at top. Visible on Tethys (665 miles, or 1,071 
kilometers, across) are the craters Odysseus (top) and Melanthius (bottom). Cassini took images 
using red, green, and blue spectral filters, which were combined to create this color view. Tethys is 
apparently darker than Saturn at these wavelengths. The edge of the planet appears fuzzy, which 
AatcWalalellerclcc marci \icmolkomsioro)] ale Mm at-VAcmIc\iclecmiatclincl&omcie) Of-leoliclemice)aamialomaal-l|ames(el0(emel(-1e1 em laar-lele 
GicaTo TlH NTACsy AV (0 lua Men Orel cxelayie) ey-lexomerel(olalerom [arsiiiielic 








DY-VA AE NER GO) KO). 


(Colo) i=l ale mle,ya D)(elal=miler- ecm am ice)aime)me|i-lalmer- ite] aan el-le(-\e1.<-1em | a-mel-V44)|alem-lae-\ me) mele)(0) komm belo mSlUlar-ler~, 
(0) DJlo)at=wnale1ams>.<allelitsmere)alieclsiilalem )are|almr-lale me lola are laste Komal-1aMVA(on)\ 210 MU] OM O10 )s\ommrol ©) @l-rol asm erclionl a 
this image. But Saturn's multi-nued cloud bands boldly steal the show. Discrete clouds and eddies in 


SY HLU MANS ALO) Mial<1e0M Als /aalis) OlalcicomerclaMmOloMs\oi-/am\\/ilallamialomiclialmsjar- (ele) cme) malcom dlalefsme)amialom©)r-lalclmm D)lelal> 
is 695 miles (1,118 kilometers) across, and Cassini took images using red, green, and blue filters on 
september 22, 2005, at approximately 499,000 miles (803,000 kilometers) from Dione to create this 
natural-color view. Image Credit: NASA/JPL-Caltech/Space Science Institute 


94 





HIGH-RES HELENE 


I atom Or- sic} alies) Of=lexslei ee limmsjare| ©) el-10 mi alismlaat-lelome)moroll0|qamcmanlele am m(=)(-1alomiualiiomere)aale)(slilalemiars 
mission's second-closest encounter of the moon on June 18, 2011. This flyoy provided some of 
atom alle |alctsiedaossye) Ute ami aatsl@[<tsme)mmialomaalele ame mlmclagcll amici lam alc)com\cmelamialcm(cr-lel ale mals iaalisielalsitome)| 
Helene (21 miles, or 33 kilometers, across), and north is up. Cassini captured this image 
approximately 4,000 miles (7,000 kilometers) away. Image Credit: NASA/JPL-Caltech/Space 
science Institute 
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ODD WORLD (HYPERION) 


This stunning false-color view of Saturn's moon, Hyperion, reveals crisp details across the strange, 
tumbling moon's surface. Differences in color could represent differences in the surface composition. 
Cassini captured this image during a close flyby on September 26, 2005, from approximately 38,500 
miles (62,000 kilometers) away. Cassini scientists think that Hyperion’s unusual appearance can be 
attriouted to the fact that it has an unusually low density for such a large object, giving it weak 
Surface gravity and high porosity. These characteristics helo preserve the original shapes of 

NY, Ol=18(@lAKsmelgslk=1esm O\vallanlisi ale mualcmrelaalele|alme)mianler-(eim=)[-1eir- mere/- it) ale mial>maalele)akomsle| ar-\e-mm|aat-le(-m Ore-lellk 
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A SKYLINE VIEW 
(tte)s:13 





This image of Phoebe shows bright wispy streaks thought to be 
ice. The crater on the left, with most of the bright streaks, is about 
28 miles (45 kilometers) in diameter, measured from the side 
nearest the viewer to the side farthest from the viewer. Cassini 
captured this image at about 7,400 miles (11,900 kilometers) 
from Phoebe. No enhancement was performed on this image. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 
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ina (eRe@)N |= 
(MIMAS WITH 
HERSCHEL) 


Willaakekswe [le rol ali(emeitc lic) am m(<1 610] Alc) mm lxcm alorolamialomanlele)aucm|iaalemlamialts 
Cassini view. A big enough impact could potentially break up a 
moon. Luckily for Mimas, whatever created Herschel was not 
quite big enough to do so. When large impacts happen, they 
deliver tremendous amounts of energy. Even impacts that are not 
(orelirctsyice)e)al(omersl am lct-\om-1 010) anne lUlsmmalctol ts el-iaaal-lalclalimcyerelesme)e 
bodies like Mimas (246 miles, or 396 kilometers, across). Cassini 
took this image on November 19, 2016. Image Credit: NASA/JPL- 
Caltech/Space Science Institute 


RED ARCS Unusual arc-shaped, reddish streaks cut across the surface of 
N TETHYS saturn's ice-rich moon, Tethys, in this enhanced-color mosaic. 

O The red streaks are narrow, Curved lines on the moon's surface, 
only a few miles (or kilometers) wide but several hundred miles 
(Colml <ile)aalsiiclas) mle)ale mm Mal=\varolacmralaglelalemiaiomanless/melalelsjer-lmere)(e)s 
features on Saturn's moons to be revealed by Cassini's cameras. 
iMatsmelale|iame)imialomicrolielacrsmelalemials)| au goleleltsjamere)(@)@ismele) acc lalihvarc! 
mystery to Cassini scientists. Possibilities being studied include 
[elcte\omiatclmmialcmccielellsiamaatcitcldrolimisme).4@\e\s\o10 Mero MU Itamelallaal(erel 
impurities or the result of outgassing trom inside Tethys. Except 
for a few small craters on Dione, reddish tinted features are rare 
on other moons of Saturn. Image Credit: NASA/JPL-Caltech/ 
space Science Institute 








INTERACTIVE MODELS OF SATURNIAN MOONS 


These interactive visualizations of a few of Saturn’s moons, Tethys, Dione, laoetus, and Mimas, were 
created trom images captured by the Cassini soacecraft. For each moon model, multiple images were 
then stitched together to create a mosaic of the moon's surface, and that mosaic was then projected 
o)aicomiatomaglelel=ip 


select an image below to interact with the model. 


INTERACTIVE 5. | Tethys INTERACTIVE 5.3 lapetus 





INTERACTIVE 5.4 Mimas 
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Spacecrait's field of view for this portrait. Janus (111 miles, or 
179 kilometers, across) is on the far left. Pandora (50 miles, or 81 
Nllolaalsiks) asians (@1c@)sis) MO) A @)|tSm OL-INIVo\-1A mi al- mam alele mc lalomiarcmiallaMmmalale 
al=rolaulal-manllelel(-memialom|aar-lelo mmm) q(e/Alih aco iil o(@10\ io mi Ale1>)(>(e|UIsm Comes) 
miles, or 504 kilometers, across) appears above the center of the 
image. Saturn's second largest moon, Rhea (949 miles, or 1,528 
kilometers, across), is bisected by the right edge of the image. 
AMatcmciaatelits)auanlele)am\V/llaatotsm @-2-som sali (stone) @rolelom <1(@)aaloikolacwmrs (elke sop 
can be seen beyond Rhea also on the right side of the image. 
Image Credit: NASA/JPL-Caltech/Space Science Institute 
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CLOSEST DIONE FLYBY 


Flying past Saturn's moon, Dione, Cassini captured this view on December 12, 2011, which 
includes two smaller moons, Epimetheus and Prometheus, near Saturn's rings. This encounter was 
the spacecrafit's closest pass of Dione’s surface, but because this flyby was intended primarily for 
[aksyiaulaalslalesmelial)aulat-lamialsmers leas /a-\swm mel (@|amm@)c@)Vi[(om Ores) a] om Ol=1o1mm| aaT-l@[o\o me) ml alma nlele/a me D)le)alom (ole.e 
miles, or 1,123 kilometers across) is closest to Cassini here and is on the left of the image. Potato- 
shaped Prometheus (53 miles, or 86 kilometers across) appears above the rings near the center top 
of the image. Epimetheus (70 miles, or 113 kilometers across) is on the right. Image Credit: NASA/ 
JPL-Caltech/Space Science Institute 





Mimas drifts along in its orbit against the azure backdrop 
of Saturn's northern latitudes in this true-color view. The 
long, dark lines on the atmosphere are shadows cast by 
the planet's rings. Saturn's northern hemisphere was 
relatively cloud-tree at the time the image was taken, and 
rays of sunlight took a long path through the atmosphere. 
This resulted in sunlight being scattered at shorter (bluer) 
wavelengths, thus giving the northernmost latitudes their 
bluish appearance at visible wavelengths. At the bottom, 
craters on icy Mimas (247 miles, or 398 kilometers, across) 
give the moon a dimpled appearance. Image Credit: 
NASA/JPL-Caltech/Space Science Institute 











APPENDIX | 
THE MISSION 


Humans have yet to achieve crewed 
interplanetary travel. Instead, for our most distant 
missions of exploration, we dispatch un-crewed 
spacecraft — electronic emmissaries — on 
reconnaissance missions to the places we 
cannot venture ourselves. The Cassini-Huygens 
mission is one of the great milestones in that 
effort. 


It had been 40 years since humans began 
sending probes into space when Cassini- 
Huygens launched on October 15, 1997. Asa 
result, the soacecraft was built In an era in 
which, for the first time, some of the people 
involved had spent entire careers In the 
endeavor of spaceflight. This mission was torged 
from the successes and failures of previous 
missions that aimed for Earth orbit, lunar 
landings, early exploration of Mars, and flybys of 
the outer planets. Spaceflight had begun to 
mature, and it showed in the design of Cassini, 
which was equipped with backups of nearly 
everything — computer, radio antenna, data 
recorder, thruster system, and main engine, 
among other systems. 


At 22 feet (6.7 meters) high, 13.1 feet (4 meters) 
wide, and weighing 12,593 pounds (5,712 kg), 
this masterwork of engineering left Earth in an 
early-morning launch atop the most powerful 
rocket available at the time. The rocket roared 
and crackled into the sky trom the marshes of 
Florida's Cape Canaveral, puncturing and 
illuminating the clouds before soaring beyond 
our atmosphere at many thousands of miles per 
hour. After detaching from the rocket, Cassin 
raced around the Sun, flying by Venus twice, 
Earth once, and Jupiter once, each time gaining 
thousands of miles per hour of velocity. 


After Cassini entered Saturn orbit, the soacecratt 
operations teams and science teams grew more 
familiar with the spacecraft, as well as with one 
another. Cassini's route grew increasingly bold, 
and the scientific observations (including 
imaging) grew more refined and polished. The 
mission proved itself to be interplanetary 
exploration at its best. 


scientific discovery was Cassini's purpose, but 
the spacecraft itself, along with the brilliant 
minds that built and operated it, were the means 
to that ends. This now beloved spacecraft ended 
its epic quest in, perhaps, the most fitting way it 
could, by becoming literally part of the planet 
that it so thoroughly revealed to us — Saturn, the 
crown jewel of the solar system. 


Appendix Title mage: 
Preflight Testing 


This image shows the newly assembled Cassini 
Spacecraft on October 31, 1996, at the JPL 
facilities in Pasadena, California, where It was 
undergoing vibration and thermal testing. The 
Huygens probe, provided by the European 
space Agency (ESA), is the enormous shield- 
shaped object facing the viewer, and the radio 
antenna (the huge white dish at top) was 
provided by the Italian Soace Agency (ASI). 
Image Credit: NASA/JPL-Caltech/Space Science 
Institute 


105 


BALL OF YARN 
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of Saturn, which began in 2004 and ended in 2017 — 
affectionately called the “ball of yarn” by the mission. Image 
credit: NASA/JPL-Caltech 


select the image above to view a movie of It rotating. 
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APPENDIX I 


SCIENTIFIC INSTRUMENTS 


The Imaging Science Subsystem (ISS) 


The Imaging Science Subsystem consisted of a 
wide-angle and a narrow-angle digital camera. 
The cameras were sensitive to visible 
wavelengths of light and to some infrared and 
ultraviolet wavelengths. Each camera had 
several filters mounted on wheels to select the 
wavelengths to be sampled in each image. The 
Imaging Science Subsystem served as Cassini's 
main set of eyes for viewing the Saturn system. It 
studied features as small as boulders and as 
large as Saturn's rings. The instrument also 
assisted in navigation and captured many of the 
beautiful images for which Cassini Is So well 
Known. 


To find out more, visit httos://saturn.jol.nasa.gov/ 
imaging-science-subsystem/. 


Visual and Infrared Mapping Spectrometer 
(VIMS) 


The Visible and Infrared Mapping Spectrometer 
(VIMS) collected both light that is visible to 
humans and intrared light of slightly longer 
wavelengths. It Separated the light into its 
various wavelengths, so scientists can learn 
about the composition of materials from which 
the light is reflected or emitted. Scientists used 
VIMS to determine the content and temperatures 
of atmospheres, rings, and surfaces in the 
saturn system. The instrument analyzed light, 
but scientists can also create images from Its 
data, similar to a visible-light camera. 


To find out more, visit httos://saturn.jpol.nasa.gov/ 
visible-and-infrared-mapping-spectrometer/. 


Radar Mapper (RADAR) 


Invisible to human eyes, radio waves can 
penetrate thick and murky atmospheres, and 
they reflect off hard surfaces. Cassini's radar 
instrument sent radio waves at various targets, 
and by recording slight differences in the signal's 
arrival time and wavelength back at the 
Spacecraft, the instrument created pictures of 
the landscapes upon which it reflected. Cassini's 
radar instrument was built primarily for studying 
saturn’s moon, Titan, which has a thick 
atmosphere that hides its surface. The 
instrument bounced radio waves off Titan and 
captured the reflected waves to see the surface 
that lay below Titan's haze, such as lakes, rivers, 
mountains, and dunes. The instrument could 
detect how smooth or rough a surface is, making 
it useful for studying Titan's methane seas. 
scientists also used it to study Saturn, its rings, 
and Saturn's other moons. 


To find out more, visit httos://saturn.jol.nasa.gov/ 
radio-detection-and-ranging/. 


Huygens Instruments 


The European Space Agency's Huygens 

Probe was a unique, advanced spacecraft and a 
crucial part of the overall Cassini mission to 
explore Saturn. The probe was about 9 feet (2.7 
meters) wide and weighed roughly 700 pounds 
(318 kilograms). It was built like a shellfish: a 
hard shell protected its delicate interior from high 
temperatures during the a two-hour-and-2/- 
minute descent through the atmosphere of 
saturn's giant moon, Titan. The images in this e- 
book from the Huygens probe were taken by the 
orobe'’s Descent Imager/Spectral Radiometer, 
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one of two NASA instruments on the probe. The 
probe landed on Titan on January 14, 2005, 
becoming the Tirst human-made spacecraft to 
land in the outer solar system. 


To find out more, visit httos://saturn.jpol.nasa.gov/ 


mission/spacecraft/nuygens-probe/. 


Appendix Title Image: 
Making Adjustments 


On september 13, 1997, one month and two 
days before Cassini launched, engineers work 
on the spacecraft at NASA's Kennedy Space 
Center. Image Credit: NASA 
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